Eleven children with documented growth hormone deficiency were studied to assess their cognitive and emotional functioning and their academic achievement before and after 1 year of human growth hormone replacement therapy. Standardized personality and intelligence measures were used, and records of school achievement, as well as developmental and family history from parents, were obtained. Although some subjects in this group were coping with problems other than their short stature (e.g., other medical and psychosocial problems), their intelligence and academic achievement were found to be positively correlated with socioeconomic status and independent of the condition of hypopituitarism. This study supports others that have found these children vulnerable to problems of emotional adjustment in middle and late childhood. Because of the heterogeneity of the group, findings must be interpreted cautiously. However, the consistent finding of disturbance in visual-motor integration is thought to be significant and demonstrates the need for further research that will examine possible neurological sequelae of long-term growth hormone deficiency.
Problems of coping with short stature have been well described in various populations of children with hypopituitarism (Green, Schur, and Lipkowitz 1959; Kusalic and Gauthier 1972; Schwartz and Sturges 1973; Rotnem et al. 1977 Rotnem et al. , 1979 . However, in the past, descriptive clinical investigations have led to more controversy than agreement concerning the etiology of personality and cognitive difficulties in this vulnerable population (Drash, Greenberg, and Money 1968; Krims 1968) . Findings concerning emotional and intellectual functioning have varied from study to study, perhaps because of the heterogeneity of the populations studied (Kusalic 1975; Steinhausen and Stahnke 1976; Steinhausen 1977) .
Issues of psychomaturation in relation to social and coping behavior, as well as cognitive development, have been addressed by psychoendocrine researchers (Money, Drash, and Lewis 1967; Frankel and Laron 1968; Money and Pollitt 1968; Pollitt and Money 1968; Kusalic and Fortin 1975; Brust, Ford, and Rimoin 1976) . Most studies have emphasized social-environmental influences affecting the child's psychological response to his growth handicap, and therefore his personality and cognitive functioning (Spencer and Raft 1974; Steinhausen and Stahnke 1976; Steinhausen 1977) . Others have found it relevant to consider the potential impact of disruption in endocrine and central nervous system (CNS) maturation (Cleghorn 1973; Cohen 1975; Martin 1973; Cohen and Frank 1976; Rotnem et al. 1977 Rotnem et al. , 1979 . The relationship between the possible biochemical aberrations and the possible social-emotional influences on problems associated with hypopituitary short stature is poorly understood.
There is some consensus in the Reprint requests should be sent to Ms. D. Rotnem, Child Study Center, Yale University School of Medicine, 333 Cedar St., New Haven, CT 06510. recent literature that socialemotional adjustment and achievement vary with the populations studied (Steinhausen and Stahnke 1976) . When serious psychopathology is present in the children, it also tends to be present in the families, thereby suggesting an environmental influence (Pollitt and Money 1964; Kusalic and Fortin 1975) . Similarly, the stability of the family unit (Love 1970; Schwartz and Sturges 1973) and parenting success in treating the child with ageappropriate behavioral expectations have been seen as major determinants of good overall adjustment to the psychosocial problems of short stature (Drash, Greenberg, and Money 1968; Schwartz and Sturges 1973; Rotnem et al. 1977 Rotnem et al. , 1979 .
Intelligence has been generally recognized as independent of statural growth (Money, Drash, and Lewis 1967; Steinhausen and Stahnke, 1976) . It has been found by most researchers to fall in the average range (Money, Drash, and Lewis 1967; Drash, Greenberg, and Money 1968; Meyer-Bahlburg et al. 1978) . Borderline and low average IQ scores in hypopituitary short-statured children have been related to low parental expectations and unavailability of remedial tutoring required by some groups of children (Frankel and Laron 1968; Shurka and Laron 1975) . While school achievement has been described as characteristically poor in children who have short stature secondary to pituitary dysfunction (Pollitt and Money 1964; Money and Pollitt 1968) , the studies in this area suggest strong social-emotional influences, rather than poor intellectual endowment. For example, the child's need to direct his energy toward social activities and peer group acceptance may take precedence over a drive for scholastic achievement (Brust, Ford, and Rimoin 1976) . In some studies, good school adjustment and scholastic achievement have been shown to be a method of gaining acceptance from peers at the actual, rather than the apparent, age level (Rosenbloom, Smith, and Loeb 1966) .
The Yale studies on psychological and intellectual development of short-statured children were initiated more than 15 years ago (Schwartz and Sturges 1973) . Since 1970, 50 children have been studied metabolically and treated with human growth hormone (hGH) replacement. Twenty-five children have received detailed, multidisciplinary evaluation of psychological, familial, and behavioral functioning (Rotnem et al. 1977 (Rotnem et al. , 1979 . In previous studies, we have found that hypopituitary children show a predisposition to psychomaturational difficulties, particularly in areas of self-esteem regulation, socialization, and modulation of aggression. Many children have disturbances in mood, most notably depression, and this underlying predisposition may be exacerbated during hGH treatment by the unrealistic expectations they have that this treatment will make them completely normal (Rotnem et al. 1977 (Rotnem et al. , 1979 .
We now present a new group of 11 children, not previously described, and replicate and extend our previous findings by more detailed evaluation of cognitive and emotional functioning. The psychological development of hypopituitary children is a good model of the interaction between biological and environmental factors in the emergence of social competence in childhood (Talbot et al. 1947 ).
Description of Study
Subjects. The sample of 11 subjects consisted of four girls and seven boys who ranged in age from 4 to 18 years (mean ± SD = 11.1 ± 3.11 years) at the time of pretesting. Nine lived with their own families, two with foster families. Six lived in intact families, five in one-parent families.
Four children had isolated growth hormone deficiency, four had panhypopituitarism, and three had isolated growth hormone deficiency with other serious medical problems (table 1). The heterogeneity of the cohort presents dilemmas familiar to clinical investigators but renders analysis of the results more complicated and the conclusions more tentative.
Methods. The children were admitted to the Children's Clinical Research Center for metabolic evaluation of pituitary function before the initiation of human growth hormone (pretesting), and approximately 1 year after initiation of the treatment (posttesting). Pituitary function was assessed in all subjects using standard endocrinologic procedures (Milewski et al. 1975; Rotnem et al. 1977) . Children were admitted two or three at a time and matched by age and sex in order to provide peer support. Following endocrinologic evaluation, subjects were started on hGH replacement at a dosage of 0.30 U/kg/week or 0.15 U/kg/week in three divided intramuscular injections weekly. At periodic clinical (Cohen and Weil 1971a, 1971b) . The TED is a personality test similar to the Thematic Apperception Test. It consists of a sequence of cards, each of which is designed to assess the child's coping with ageappropriate developmental tasks (Cohen and Weil 1971a, 1971b) . In addition, the Bender-Gestalt Test was included in the posttesting. Finally, the psychologist completed the Childhood Personality Scale (CPS-R) for each subject after pretesting and posttesting (Dibble and Cohen 1974; Cohen, Dibble, and Grawe 1977) .
In addition, parents were engaged in a semistructured clinical interview with a pediatric research social worker (D.R.) during the first admission. The interview focused on parental perceptions of the child's medical problem and overall social-emotional adjustment, as well as developmental history on each subject including parent and sibling relationships. Each parent completed the CPS-R and standardized questionnaires which related to family background, their child's personality, developmental history, and recent family changes. School records were requested for each subject.
Results
Intellectual Functioning. Results of the Wechsler, Beery, DAP, and WRAT indicate that the group's verbal, nonverbal, and overall abilities fall within the "low average" range (table 2) with no significant differences between pretest and posttest IQs. Parent occupational levels in our sample included more subjects of low socioeconomic status (SES) and fewer of high SES than the sample studied by Wechsler (WISC-R, 1974). Given this difference, mean IQs of our sample would be expected to fall somewhat below average.
Results of the Beery, DAP, and Bender indicate that the group's visual-motor integration skills were significantly below average (table 3) . Furthermore, performance was significantly poorer on posttesting than on pretesting (Beery: t = 3.1, p < .01; DAP: t = 2.5, p < .02). Discrepancies between chronological age and developmental age increased with age. For instance, the correlation between age and Beery scores on posttesting was significant (r = 0.69, df = 10, p < .025). The older the subject, the poorer the performance. Furthermore, a relatively clear-cut sex difference appeared, with boys as a group scoring lower than girls as a group. However, the four oldest subjects were boys. If this factor and the tendency for scores to become poorer with increasing age are taken into account, it is not possible to determine whether age or sex is more of a contributing factor to the inferior performance of the group.
The results of these three paperand-pencil tests did not appear to be a function of IQ; there were no significant correlations between IQ scores and these measures (e.g., the highest correlation was r = 0.53, df = 10, for the Beery and the PIQ). There were, however, significant correlations among the scores of the visual-motor integration measures on both pretesting and posttesting administrations. The correlations were at the .005 level and beyond (Beery, DAP: pre: r = 0.88; post: r = 0.88; Beery, Bender: post: r = 0.85).
The WRAT standard scores on pretesting and posttesting for reading, spelling, and arithmetic were compared with each other In summary, the data on intellectual functioning indicate the following:
• IQs for the group as a whole fell in the high end of the "low average" range.
• Overall IQ was more related to SES level and specific physical dysfunction such as eye defect or congenital goiter than to the condition of hypopituitarism.
• The group reflected deficits in visual-motor integration skills on paper-and-pencil tasks.
• Scatter within IQ scores and particularly deficits in visualmotor integration ability might be associated with the long-term effects of growth hormone deficiency.
• Lowered academic achievement was associated with lower than average IQ, and possibly with deficits in visual-motor integration ability.
Emotional Functioning. Emotional adjustment of each subject was assessed by the psychologist on the basis of test data (TED, Rorschach, DAP, KFD) and observations of subjects during research hospitalization. Children's abilities to cope adaptively with problems of realistic concern were assessed, rather than the presence or absence of problems themselves. For example, it was assumed that an 18-year-old male with delayed puberty would have serious problems with sex role identification, peer relationships, and self-esteem. However, his emotional adjustment was not considered to be poor unless he was coping poorly with these realistic concerns.
As with overall IQ scores, the general level of emotional adjustment did not appear to be dependent on the hypopituitarism, as such. Similarly, the results for the group as a whole on the CPS did not indicate extremes in the areas of attention, behavior modulation, socialization, zestfulness, or emotional expressiveness. On the basis of the examiner's ratings, two subjects were felt to have severe emo-tional problems; two, moderate problems; six, minor problems; and one, no significant problems. There was no evidence of overt thought disorder, schizophrenia, or borderline personality. However, the children appeared prone to low spirits and depression. Furthermore, general emotional adjustment did not appear to be dependent on SES or IQ levels, and was not age-or sex-related. However, there were suggestions that complicating medical or family events were important factors in the level of emotional adjustment (e.g., frequent hospitalizations, loss of a parent through death or divorce).
Level of maturity and concept of self within the context of the family have been noted to be important variables in earlier clinical studies (Kusalic and Gauthier 1972; Kusalic and Fortin 1975; Rotnem et al. 1977 Rotnem et al. , 1979 . Subjects' responses to the TED cards were the primary source of testing data on level of maturity. TED card responses were scored independently by the psychologist and social worker. Interrater reliabilities were assessed by use of the weighted kappa Cicchetti 1976) and were acceptable for ratings of perception of 11 of 13 cards and for ratings of outcome on 8 of the 13 cards (.6 or better). Disagreements were discussed and resolved on all but one rating. Final ratings were then made (table 5) using test manual norms.
Results suggested that the group as a whole was likely to perceive developmental tasks as accurately as normal and clinic samples, but was less likely to cope with them successfully (table 5) . In this sense, the hypopituitary children were immature. For example, adolescents did poorly in dealing successfully with the card related to positive heterosexual socialization, although they perceived the task accurately.
In contrast to hypopituitary children described in previous studies as struggling with feelings of isolation within the peer group (Schwartz and Sturges 1973; Rotnem et al. 1977 Rotnem et al. , 1979 , this group tended to be quite well adjusted in reciprocal friendships with peers. Finally, the group tended to have a negative attitude toward learning and experienced conflicts in the areas of identification with the same-sex parent, establishment of a conscience, and ambivalence toward siblings. All subjects were aware of their small stature, and even the most welladjusted communicated a sense that others perceived a babyish quality to their appearance, thus leading to conflict in the establishment of a positive self-concept. There was also difficulty in the acceptance and control of aggressive feelings toward peers. In general, the group could perceive a potential fight with a peer but tended to respond with sadness or fear rather than with retaliation.
Perception of self and family was evaluated on the basis of the DAP and KFD, as well as TED and interview data. The drawings suggested that children had formed at least a partial appropriate sex identification. They often depicted themselves in family drawings as a small figure, regardless of their age compared to siblings. However, most children drew heads of their figures proportionately larger for the bodies than is considered appropriate. They often included and identified with a younger member of the family or extended family, typically a baby. This tendency was highlighted in the behavior of children when they assumed a pseudo-adult "parenting" role with a particular baby on the ward. Many presented their families as positive aspects of their lives; although they felt small and vulnerable, they typically portrayed themselves as integral parts of a family unit, valued by other members. Feelings of acceptance within their families were validated by observation, interviews with both children and families, and the Kinetic Family Drawing.
A tendency to deny the short stature was present in all parents at one stage or another. In the three children who had other associated and serious medical problems, parents considered their child's short stature to be the least of his or her problems. In all cases, fathers had more difficulty accepting the diagnosis than mothers.
Most parents saw their child's main difficulties as the following:
• Feeling less competent than younger siblings who were taller;
• Teasing by peers, such as name calling, scape-goating, avoidance;
• Wishing to be babied.
Discussion
The results of research on psychological aspects of hypopituitarism have been inconsistent, although more so in descriptions of emotional than intellectual functioning. Based on previous work and our own research, we would 1976) . _ Second, some researchers report average and above average academic achievement (Pollitt and Money 1964; Shurka and Laron 1975) , and some report below average academic achievement (Rosenbloom, Smith, and Loeb 1966; Schwartz and Sturges 1973) . It appears that a combination of factors determines level of achievement in the various samples (e.g., level of intellectual ability, stability of family, and support of the educational system). Once again, it does not appear that achievement is related to the condition of hypopituitarism but, rather, is compatible with intellectual potential (IQ) as measured on the Wechsler. However, the question of cognitive inhibition secondary to depressive symptomatology cannot be ruled out.
Third, evidence of a possible defect in visual-motor integration ability has been reported recently (e.g., Frankel and Laron 1968; Shurka and Laron 1975; Steinhausen and Stahnke 1976) . Our research indicates a lag in the development of visual-motor integration skills on paper-and-pencil tasks.
Fourth, diverse findings have been reported in areas of emotional functioning (Meyer-Bahlburg 1978) . While most children with hypopituitarism have adjustment difficulties, the difficulties range from reports of fairly adequate adjustment (e.g., Pollit and Money 1964; Drotar, Owens, and Gotthold 1980) to reports of psychotic depression (Hanna 1970; Kusalic and Fortin 1975) . Our findings suggest that adjustment problems in school, family, and peer groups are significant among this group of children, but relatively characteristic of any child and family where there is chronic illness. For these children, those difficulties center around the following issues: concerns about bodily integrity, vulnerability within a peer group, desire for acceptance, and academic achievement. Pre-and early adolescence are particularly difficult periods since it is then that the greatest disparity between the hypopituitary short child and his peer group is evident.
The diversity in adjustment of subjects in our studies appears to relate more to socioeconomic status, family stability, the family's attitude toward a short-statured child, and school and peer responses than to the hypopituitarism itself. These children should be considered particularly at risk for developmental difficulties in middle and late childhood, but to have potential strength for coping on the basis of relatively normal early experience. Our results indicate that adolescence is the most problematic stage, and that hypopituitary children are more vulnerable to depression than acting-out disorders.
On the basis of cognitive and personality testing and parent interviews, the present group appeared generally better adjusted than the previous groups we have studied. This result may reflect actual differences between the samples, as well as better informed pediatricians who refer and diagnose children earlier and offer better and more realistic preparation for parents and children for the limitations of growth hormone treatment.
The most significant finding of this study is the deficit in visualmotor integration skills on paperand-pencil-tasks. This area requires further exploration and clarification. Future studies of the specific nature and etiology of dysfunctions of visual-motor integration in hypopituitary children should address the presence or absence of specific learning disabilities and specific visual and kinesthetic-motor functioning disturbances. The present results can be considered only tentative due to the small sample size and heterogeneity of medical diagnoses and environments. There is still a need to understand possible neurological sequelae of long-term growth hormone deficiency. Finally, future research should attempt to follow children longitudinally and assess young adult functioning in areas of education, vocational training, and social adjustment.
The history of children with hypopituitary short stature reveals the ways in which school-aged children and their families cope with a chronic disease that has obvious physical and social stigmata. Earlier diagnosis and the markedly increased availability of growth hormone, as a result of genetic engineering, will likely bring more hypopituitary and other short children to diagnosis and treatment. The careful study of the psychological significance of short stature and its remediation can provide further information on the role of bodily integrity and family functioning in the mental lives of hypopituitary children.
